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Abstract 
Catalytic pyrolysis of biomass has the potential to produce bio-oil , which is rich in aromatic hydrocarbons and can 
be used as transportation fuel. In this paper, microcrystalline cellulose were pyrolysis with HZSM-5(Si/Al=25), 
HZSM-5(Si/Al=50), HZSM-5(Si/Al=100), HY, H£in a CDS5200 pyroprobe at temperature ranging from 450-
650°C. GC-MS is used to analyze the liquid product in the catalytic pyrolysis. Except the catalysts and pyrolysis 
temperature, this work also evaluated the influences of heating rate, catalyst-to-biomass ratios on the production yield 
of aromatic hydrocarbons and product distribution. HZSM-5(Si/Al=50) has the highest yield among the five catalysts. 
Catalytic pyrolysis at 500°Cǃ20K/ms heating rate and 5:1catalyst to biomass ratio is most suitable to produce 
aromatic hydrocarbons. Benzene, toluene, xylene and naphthalene are the main aromatic hydrocarbon products in 
catalytic pyrolysis of microcrystalline cellulose. 
© 2014 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Catalytic fast pyrolysis of biomass is a technology to convert solid biomass into gasoline-range 
aromatics. The bio-oil derived from traditional non-catalytic fast pyrolysis mainly consists of oxygenated 
chemicals, which requires further upgrading[1]. Comparatively, the bio-oil derived from catalytic fast 
pyrolysis contains more aromatic hydrocarbons[2], which can be directly used as transportation fuel and 
raw materials for chemical industry.  
Previous study demonstrated that molecular sieve based catalysts have the potential to produce more 
aromatics[3]. However, better catalysts need to be developed , and reaction pathways need to be revealed. 
2. Materials and methods 
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Microcrystalline cellulose(Avicel PH105)was used as a model compound of biomass, and it was 
purchased from FMC Company. Prior to the experiments, cellulose was dried at 105°C for over 16 hours 
to remove moisture. 
HZSM-5(Si/Al=25), HZSM-5(Si/Al=50), HZSM-5(Si/Al=100), HY, H£ from Tianjing Nankai 
catalyst company were used in pyrolysis experiments. All the catalysts were calcined at 550°C for 5hours 
before use. The N2 adsorption/desorption isotherms of all five catalysts were obtained using a surface area 
and pore size analyzer (Tristar3020) .The surface areas and pore volumes were analyzed by the BET and 
BJH methods respectively. Surface acidity of three HZSM-5 catalysts with different Si/Al ratio was 
studied by ammonia TPD at an automated catalyst characterization system(AutoChem II 2920). 
Pyrolysis experiments were carried out in a pyroprobe pyrolyzer(CDS5200,CDS,USA). In each 
experiment, 0.5mg cellulose and a certain amount of catalyst were filled in a tiny quartz glass tube with 
quartz wool at both sides to hold the materials. In a standard experiment , sample will be reacted in the 
pyrolyzer for 180s at a heating rate of 10K/ms. During the pyrolysis, the reaction product will be blown 
out by helium and finally captured in a cold trap.  
After the pyrolysis, the cold trap was heated up to give the products out. Finally, helium swept the 
pyrolysis products into the GC-MS system (Trace DSQ II, Thermo Scientific) for separation and analysis. 
Compounds were identified by the National Institute of Standards and Technology  (NIST)  library. In 
this paper, product yield or relative content was determined by area normalization. 
3. Results and discussions 
3.1. Catalyst characterization 
Results of the N2 adsorption–desorption analysis of the samples are shown in table 1 ,the surface area 
and pore volume of  HZSM-5 series decrease when the Si/Al ratio increases. NH3-TPD result shows the 
acidity of three different HZSM-5 catalysts. The acidity intensity decreased in following order:HZSM-
5(Si/Al=25) >HZSM-5(Si/Al=50)>HZSM-5(Si/Al=100) 
Table 1. N2 adsorption–desorption properties of the catalysts 
Samples HZSM-5(Si/Al=25) 
HZSM-
5(Si/Al=50) 
HZSM-
5(Si/Al=100) HY H£ 
Surface area (m2/g) 355.86 315.08 250.71 598.59 464.88 
Pore volume (cm3/g) 0.18 0.16 0.13 0.33 0.27 
Pore diameter (nm) 2.06 1.99 2.04 2.23 2.3 
3.2. Effect of catalyst and catalyst to biomass ratio 
Table 2 shows the yield of aromatic hydrocarbons in liquid products of catalytic pyrolysis with 
HZSM-5(Si/Al=50),HY,H£ at 600°C and a heating rate of 10K/ms. In the non-catalytic fast-pyrolysis 
process, the identified pyrolysis products include mainly acid, furfural, 5-HMF and only 1.12% toluene. 
When molecular sieve based catalysts are used, the reaction pathways change significantly. HZSM-5 
(Si/Al=50),HY,H£ all lead to an increase of aromatic hydrocarbons yield. Comparatively, catalytic fast-
pyrolysis with HZSM-5(Si/Al=50) has the highest of 46.57% aromatic hydrocarbons yield in liquid 
product, while HY and H£are 25.82 %  and 32.50% respectively. 
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Table 2.Relative content of aromatic hydrocarbons in catalytic pyrolysis liquid products 
 Relative content(area%) 
Liquid product No catalyst HZSM-5(Si/Al=50) HY H£ 
Benzene  4.88  7.86  4.23  
Toluene 1.12  11.59  8.07  5.50  
Xylene  6.39   3.09  
Indane  1.27    
Indene  2.46    
Naphthalene  8.36  5.12  4.25  
Naphthalene, 2-methyl-  8.15  4.76  5.59  
Naphthalene, 1-(1-methylethyl)-  2.12    
Anthracene  1.35    
Aromatic hydrocarbons in total 1.12  46.57  25.82  32.50  
 
Fig. 1. (a) shows the product distribution of catalytic-pyrolysis with HZSM-5 in different Si/Al ratio 
(25,50,100). Apparently, HZSM-5(Si/Al=50) produces most aromatic hydrocarbons. When the Si/Al ratio 
is too low, HZSM-5 has a strong acidity, which breaks the cellulose down into small molecular 
compounds. HZSM-5(Si/Al=100) has the lowest surface area and pore volume, hence it has the lowest 
activity in aromatic cyclization reaction. 
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Fig. 1. (a)catalytic pyrolysis with HZSM-5 in different Si/Al ratio(25,50,100),pyrolysis temperature 600°C,heating rate 10K/ms, 
catalyst : biomass =20:1 ; (b) catalytic pyrolysis with HZSM-5(Si/Al=50) in different catalyst to biomass ratios, pyrolysis 
temperature 600°C,heating rate 10K/ms 
Fig. 1. (b) shows the aromatic hydrocarbons yield of catalytic-pyrolysis in different catalyst to biomass 
ratio. Catalyst: biomass=5:1 leads to produce most aromatic hydrocarbons. This is probably because of 
the concentration of olefins which are probably the intermediate products in catalytic pyrolysis with 
HZSM-5. When there is too much catalyst, the olefins decomposed from cellulose disperse. Thus a lower 
concentration of olefins is not able to support the aromatic hydrocarbon formation reactions. 
3.3. Effect of pyrolysis temperature and heating rate 
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The effects of pyrolysis temperature on product yield are shown in Fig.2.(a). Pyrolysis at 500°C 
produces most aromatic hydrocarbons. As mentioned above, aromatics mainly come from the 
polymerization of olefins, and a lower temperature is not able to supply the energy needed in the 
polymerization reactions. Conversely, a higher temperature leads to further polymerization reactions 
among benzene, toluene, xylene and produces more polycyclic aromatic hydrocarbon. 
As shown in Fig.2.(b) an increase of heating rate dramatically affects the aromatic hydrocarbons yield. 
A higher heating rate decomposes cellulose into olefins more efficient and more thoroughly, which 
creates some high concentration points of olefins. These points are likely to produce a large amount of 
aromatic hydrocarbons via olefin polymerization reactions. 
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Fig. 2. (a)catalytic pyrolysis with HZSM-5(Si/Al=50) in different pyrolysis temperature, heating rate 10K/ms, catalyst : biomass= 
20:1; (b) catalytic pyrolysis with HZSM-5(Si/Al=50) in different heating rate, pyrolysis temperature 600°C, catalyst : biomass=20:1 
4. Conclusion 
We have investigated the catalytic fast pyrolysis of microcrystalline cellulose. HZSM-5(Si/Al=50) 
produces most aromatic hydrocarbons among the five molecular sieve based catalysts. Catalyst: 
biomass=5:1 leads to produce most aromatic hydrocarbons. Further polymerization reactions among 
benzene, toluene, xylene occur at a temperature above 500°C, which lead to an increase in polycyclic 
aromatic hydrocarbon and a decrease in total aromatic hydrocarbon yield. Higher heating rate 
decomposes cellulose into olefins more quickly, and finally increases the yield of aromatic hydrocarbons. 
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